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The	 cytoskeleton	 is	 largely	 comprised	 of	 semiflexible	 actin	 and	 rigid	
microtubules	 that	 entangle	 and	 interact	 via	 smaller	 crosslinking	
proteins	 to	 form	 complex	 networks	 and	 structures,	 giving	 rise	 to	
multifunctional	 mechanics	 in	 cells.	 Despite	 actin	 and	 microtubules	
coexisting	 in	 cells,	 the	 standard	 in	 vitro	 polymerization	 protocol	 for	

















quantify	 stiffness.	 Co-XL	 and	 No-Xl	 display	 lower	modulus	 values	 at	
early	and	late	times	indicating	that	they	are	more	viscous	compliant	
Microscale	 force	 measurements	 of	 actin-microtubule	
composites	 An	 optically	 trapped	 4.5	 µm	 microsphere	 (pink)	
embedded	 in	 a	 crosslinked	 actin-microtubule	 composite	 is	
displaced	 30	 µm	 at	 a	 constant	 speed	 of	 20	 µm/s	 with	 optical	
tweezers.	 During	 and	 following	 the	 microsphere	 movement		
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We	characterize	the	microscale	heterogeneities	through	the	range	in	force	curve	trials		
Co-crosslinking	 greatly	 suppresses	 heterogeneities	
in	networks	Co-XL	networks	are	more	homogenous.		
Confocal	 imaging	 reveals	 the	 average	 mobility	 of	 actin	 and	
microtubules	 in	 networks	 To	 understand	 the	 force	 response,	
we	 look	 at	 the	 network	 structure	 and	 mobility.	 We	 collapse	
time	 lapse	 videos	 into	 a	 single	 image	 by	 taking	 the	 standard	
deviation	of	each	pixel.	Images	that	look	brighter	have	a	greater	
standard	 deviation	which	means	 the	 filaments	 are	 fluctuating	
more	and	implies	more	mobility.	By	looking	at	the	average	grey	
scale	 value,	or	pixel	 intensity,	we	 see	 the	average	 intensity	of	
actin	 is	 largely	 constant	 where	 as	 in	 single	 component	
networks,	the	average	intensity	of	the	microtubules	drops.		
